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MAGNETIC TAPE UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to a magnetic tape unit
provided with a magnetic read/write head which 1s arranged
to stmultaneously access a plurality of tracks on a magnetic
tape for data-writing and data-reading.

2. Description of the Related Art

Magnetic tape units have been widely used as e.g. exter-
nal storage apparatus for a computer system. To write and
read data from the tracks (user data tracks) provided on a
magnetic tape, use 1s made of a read/write head arranged 1n
facing relation to the tape. Typically, such a magnetic head
1s provided with a plurality of channels the number of which
1s equal to the number of the tracks on the tape. In this
equal-number arrangement, no mechanism 1s provided for
adjustably moving the magnetic head in the widthwise
direction of the tape.

One way to 1ncrease the recording density of a magnetic
tape 1s to increase the user data tracks. Accordingly, the
channels of the magnetic head 1s also increased. There 1s a
limit, however, to the number of the head channels on
grounds of performance and cost. Thus, 1n an instance where
the magnetic tape 1s provided with a greater number of
tracks than the head channels, it 1s necessary to move the
magnetic head 1n the widthwise direction for causing the
head to access any selected tracks on the tape. For control-
ling such widthwise movement of the head, servo control
tracks are additionally provided on the tape. An example of

thus arranged magnetic tape unit 1s disclosed 1 JP-A-7
(1995)-57229.

In the conventional magnetic tape unit, however, there
may be a problem of deterioration of the SNR (signal-to-
noise ratio) when the magnetic tape and the magnetic head
fail to be held 1n proper facing relation to each other. With
an unduly reduced SNR, an error may occur in reading or
writing data.

Further, in the conventional unit, the magnetic head 1s
brought to a selected point of the magnetic tape (in its
longitudinal direction) in a “relative” controlling manner.
Specifically, the conventional unit 1s provided with reel
motors for moving the magnetic tape forward or backward
past the magnetic head. Each reel motor 1s associated with
a sensor for counting the number of revolutions of the
relevant motor. Based on the resulting count number and
some other information, the longitudinal positioning of the
magnetic head relative to the tape 1s performed. This means
that the longitudinal position of the tape 1s not directly
detected, but only indirectly (or relatively) through the
operation of the reel motors. In this manner, however, a
detection error will occur e¢.g. when the magnetic tape 1s
slipped on the tape guides driven by the reel motors.

Still further, 1n the conventional unit, the running speed of
the magnetic tape 1s calculated based on the revolution
number of the reel motors measured within a certain period
of time. In this manner again, only the “relative” tape speed
can be known through the operation of the motor, while the
actual tape speed may fail to be detected.

SUMMARY OF THE INVENTION

The present invention has been proposed under the above-
described circumstances. It 1s, therefore, an object of the
present invention to provide a magnetic tape unit capable of
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2

performing data-reading and data-writing operations with
oreat accuracy. To this end, the following technical measures
are taken.

According to a first aspect of the present mnvention, there
1s provided a magnetic tape unit including a magnetic tape,
a magnetic head, a relative position determiner and a posi-
fion compensator.

The magnetic tape 1s provided with a plurality of tracks
including at least first and second servo control tracks. Each
of the servo control tracks i1s provided with identical pieces
of data which are spaced from each other 1n the longitudinal
direction of the tape, wherein the pieces of data on the first
servo control track are aligned with the pieces of data on the
second servo control track in a widthwise direction of the
tape.

The magnetic head 1s arranged to sitmultaneously access a
plurality of tracks on the tape for data-writing and data-
reading.

The relative position determiner determines the relative
positional relation between the magnetic head and the mag-
netic tape based on signals read out from the servo control
tracks.

The position compensator keeps the magnetic head and
the magnetic tape in proper positional relation by adjusting
the relative positional relation between the head and the tape
based on the determination of the relative position deter-
miner.

With such an arrangement, the detected skew of the
magnetic tape relative to the magnetic head can be compen-
sated based on the difference 1n phase of read-out signals
obtained from the servo control tracks. Further, the facing
relation between the magnetic head and tape can be adjusted
based on the difference 1n level of the read-out signals from
the servo control tracks.

According to a second aspect of the present invention,
there 1s provided a magnetic tape unit which includes a
magnetic tape, a magnetic head and a running condition
determiner.

The magnetic tape 1s provided with a plurality of tracks
including at least one servo control track provided with
pieces of data spaced from each other in a longitudinal
direction of the tape.

The magnetic head 1s arranged to simultaneously access a
plurality of tracks on the tape for data-writing and data-
reading.

The running condition determiner determines the running,

condition of the tape based on a signal read out from the
servo control track.

The running condition of the tape may be a running
position of the tape relative to the magnetic head. Here, the
running position of the tape means the longitudinal position
of the tape which the magnetic head 1s currently facing.

Another example of the running condition of the tape may
be a running speed of the tape relative to the magnetic head.
Here, the running speed of the tape refers to the current
speed of the tape at which the magnetic tape 1s moved
relative to the magnetic head.

With the above arrangement provided by the second
aspect of the present invention, the running position or speed
of the magnetic tape can be correctly determined by count-
ing on the read-out signals from the servo control tracks,
even 1f slippage occurs between the magnetic head and a
tape feeding mechanism.

According to the second aspect of the present invention,
the magnetic tape may be provided with two or more servo
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control tracks. The respective servo control tracks may be
provided with pieces of data at non-aligned intervals. In this
case, the running position of the magnetic tape can be more
accurately determined by counting the pulses of signals
obtained from the servo control tracks.

Further, a servo control track may be provided with pieces
of data spaced from each other at partially non-equal 1nter-
vals. In this case, it 1s possible to reduce the scale of a
counting circuit for performing counting on a read-out signal
obtained from the servo control track.

According to a third aspect of the present invention, there
1s provided a magnetic tape unit which includes a magnetic
tape, a magnetic head and a position determiner.

The magnetic tape 1s provided with a plurality of tracks
including at least one servo control track. This servo control
track 1s provided with pieces of absolute position data which
are spaced from each other 1n the longitudinal direction of
the tape.

The magnetic head 1s arranged to simultaneously access a
plurality of tracks on the tape for data-writing and data-
reading.

The position determiner determines a running position of
the tape based on information read out from the servo
control track.

With the use of absolute position data, it 1s possible to
climinate the error in determining the running position of the
tape which would otherwise occur due to the slippage of the
tape. Here, the “absolute position data™ refers to data which
by itself 1dentifies a longitudinal position of the magnetic
tape.

According to a fourth aspect of the present invention,
there 1s provided a magnetic tape unit which includes a
magnetic tape, a magnetic head, a facing relation determiner
and a facing relation compensator.

The magnetic tape 1s provided with a plurality of tracks
including at least one servo control track provided with
pieces of data.

The magnetic head 1s arranged to simultaneously access a
plurality of tracks on the tape for data-writing and data-
reading.

The facing relation determiner determines, based on a
level of a signal read out from the servo control track,
whether or not the magnetic head 1s held 1n proper facing
relation to the magnetic tape.

The facing relation compensator adjusts the facing rela-
tion between the head and the tape based on the determi-
nation of the facing relation determiner.

With such an arrangement, for instance, the magnetic
head may be slightly moved toward the magnetic tape, or
vice versa, when the level of the read-out signal from the
servo control track 1s smaller than the predetermined refer-
ence value. In this manner, the distance between the mag-
netic head and the magnetic tape can be optimized.

According to a fifth aspect of the present mvention, there
1s provided a magnetic tape unit which includes a magnetic
tape, a magnetic head, a non-magnetic portion detector and
a running condition determiner.

The magnetic tape 1s provided with a plurality of tracks
including at least one servo control track. This servo control
track 1s provided with non-magnetic portions spaced from
cach other in a longitudinal direction of the tape.

The magnetic head 1s arranged to simultaneously access a
plurality of tracks on the tape for data-writing and data-
reading.
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The non-magnetic portion detector detects the non-
magnetic portions based on a signal read out from the servo
control track.

The running condition determiner determines a running,
condition of the magnetic tape based on the detection of the
non-magnetic portion detector.

Other features and advantages of the present invention
will become apparent from the detailed description given
below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing principal components
of a magnetic tape unit embodying the present 1nvention;

FIG. 2 1s a plan view schematically showing the magnetic
head of the tape unit together with other members arranged
around the magnetic head;

FIG. 3A 1llustrates the track structure of a magnetic tape
used for the tape unit;

FIG. 3B 1llustrates an example of data arrangement on
servo tracks of the magnetic tape;

FIG. 4 1llustrates the wavetform of a signal supplied from
the magnetic head;

FIG. 5 1s a block diagram 1illustrating the signal flow 1n
performing skew compensation;

FIG. 6 1llustrates a series of servo pulses converted from
the read-out signal supplied by the magnetic head,;

FIGS. 7 and 8 1llustrate the skew compensation operation;

FIG. 9 1s a block diagram showing the signal flow 1n
performing tape speed compensation;

FIG. 10 illustrates a series of servo pulses obtained from
a signal read out by the magnetic head;

FIG. 11 1s a block diagram showing the signal flow 1n
performing the tape position recording operation;

FIG. 12 illustrates a plurality of series of servo pulses
obtained from different signals read out by the magnetic

head;

FIG. 13 1s a block diagram showing the signal flow 1n
performing the tape position determining operation;

FIG. 14 1s a block diagram showing the signal flow 1n
performing the facing relation compensation between the
magnetic head and the magnetic tape;

FIG. 15 illustrates how two particular read-out signals
change their waveforms during the facing relation compen-
sation;

FIGS. 16 and 17 illustrate the change 1n posture of the
magnetic head relative to the magnetic tape during the
facing relation compensation;

FIG. 18 1llustrates a different method for skew compen-
sation;

FIG. 19 1llustrates a different method for facing relation
compensation;

FIG. 20 1s a block diagram showing the signal flow 1n
performing the tape speed compensation according to a
different embodiment of the present invention;

FIG. 21 1s a block diagram showing the signal flow 1n
performing the tape position determining operation accord-
ing to a different embodiment of the present invention;

FIG. 22 1s a block diagram showing the signal flow 1n
performing the tape position determining operation accord-
ing to another embodiment of the present invention;

FIG. 23 illustrates another method for performing the tape
position determining operation;
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FIG. 24 1llustrates still another method for performing the
tape position determining operation;

FIG. 25 1llustrates still another method for performing the
tape position determining operation;

FIG. 26 1llustrates still another method for performing the
tape position determining operation;

FIG. 27 1llustrates still another method for performing the
tape position determining operation;

FIG. 28 1s a perspective view schematically showing the

principal components of a magnetic tape unit according to
another embodiment of the present invention;

FIG. 29 15 a perspective view schematically showing the
principal components of a magnetic tape unit according to
still another embodiment of the present invention; and

FIG. 30 1s a sectional plan view showing the magnetic
head of the magnetic tape unit of FIG. 29.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The preferred embodiments of the present invention will
be described below with reference to the accompanying
drawings.

FIG. 1 1s a block diagram schematically showing the
principal components of a magnetic tape unit according to a
first embodiment of the present invention. As 1llustrated, this
magnetic tap unit ncludes a main controller 1, a servo
controller 2 and a read/write controller 3. The main control-
ler 1, the servo controller 2 and the read/write controller 3
are connected to each other by bus lines. The main controller
1 1s connected to a host computer 4. The servo controller 2
1s connected to first and second reel motors 5—6, a tracking
motor 7, an X-direction compensation motor 8 and a
Z-direction compensation motor 9. The read/write controller
3 1s connected to a magnetic read/write head 10.

The servo controller 2 includes a servo controlling pro-
cessor 11, a memory 12, a processor controlling section 13,
a tracking controlling section 14, a tape speed measuring
section 15, an X-direction head position compensating sec-
tion 16, a Z-direction position compensating section 17, a
tape position identifying section 18 and a motor current
controlling section 19.

The read/write controller 3 includes a tracking servo
reading section 21, a read signal pulse converting section 22
and a Z-direction head position compensating section 23.

The processor controlling section 13 includes an address

decoder 25, an interrupt controller 26 and an interface
controller 27.

The tracking controlling section 14 includes an off-track
compensating controller 28.

The tape speed measuring section 15 includes a speed
register 31 and a tape speed detector 32.

The X-direction head position compensating section 16
includes a phase register 33, an edge detector 34 and an
interval determiner 335.

The Z-direction position compensating section 17
includes a level register 36.

The tape position 1dentifying section 18 includes a tape
position memory 37 and a tape position finder or detector 38.

The motor current controlling section 19 includes first to
fifth D/A converters 41-435.

The tracking servo reading section 21 includes an A/D
converter 46.

The read signal pulse converting section 22 includes a
plurality of pulse converters 47.
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The Z-direction head position compensating section 23
includes an A/D converter 51 and a plurality of servo
waveform amplitude monitors 52.

The main controller 1 controls the servo controller 2 and
the read/write controller 3 based on the 1nstructions from the
host computer 4.

The servo controller 2, controlled by the main controller
1, performs the positioning of the magnetic tape and the

magnetic head 10.

The read/write controller 3 controls the data-reading and
data-writing operations of the magnetic head 10. Further,
this controller 3 processes the read data or servo data
outputted from the magnetic head 10, and then supplies the
processed data to the main controller 1 and the servo
controller 2.

The host computer 4 supplies commands to the main
controller 1, thereby causing the controller to read and write
user data.

The first and the second reel motors 5, 6 rotate reels for
winding on and off the magnetic tape.

The tracking motor 7 moves the magnetic head 10 across
(i.c., widthwise of) the magnetic tape 10, thereby causing the
magnetic head 10 to access selected tracks on the magnetic
tape.

The X-direction compensation motor 8 rotates the mag-

netic head 10 about an axis extending perpendicularly to the
recording surface of the magnetic tape.

The Z-direction compensation motor 9 rotates the mag-
netic head 10 about an axis extending in the lengthwise
direction of the magnetic tape, thereby causing the magnetic
head 10 to be held in parallel facing relation to the magnetic
tape.

The servo controlling processor 11 controls the servo
controller 2 as a whole.

The memory 12, which may be a RAM (random access
memory), stores various data and also provides a work area
for the servo controlling processor 11.

The processor controlling section 13 controls the interface
between the servo controlling processor 11 and 1ts peripheral
cIrcuits.

The tracking controlling section 14 drives the tracking
motor 7 based on the signals read out from the tape posi-
tioning tracks on the magnetic tape.

The tape speed measuring section 15 measures the run-
ning speed of the magnetic tape based on the signals read out
from the servo tracks on the magnetic tape. Depending upon
the measurements, the tape speed measuring section 135
controls the operation of the reel motors 5, 6 for adjusting
the running speed of the magnetic tape.

The X-direction head position compensating section 16
controls the operation of the X-direction compensation
motor 8 based on the signals read out from the servo tracks
on the magnetic tape, to compensate the skew of the
magnetic head 10.

The Z-direction position compensating section 17 con-
trols the operation of the Z-direction compensation motor 9
based on the signals read out from the servo tracks on the
magnetic tape, to bring the magnetic head 10 into parallel
facing relation to the magnetic tape.

The tape position identifying section 18, based on the
signals read out from the servo tracks on the magnetic tape,
determines which part or position of the tape the magnetic
head 10 1s currently facing as viewed lengthwise of the tape.

The motor current controlling section 19, based on the
drive data from the servo controlling processor 11, supplies
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power to the reel motors 5—6, the tracking motor 7, the
X-direction compensation motor 8 and the Z-direction com-
pensation motor 9.

The magnetic head 10 reads data from the tape position-
ing tracks on the magnetic tape, thereby producing appro-
priate signals. These signals are converted into tracking data
by the tracking servo reading section 21, and then supplied
to the tracking controlling section 14.

The magnetic head 10 reads data from a plurality of servo
tracks on the magnetic tape, and outputs signals correspond-
ing to these servo tracks, respectively. These signals are
converted 1nto servo data by the read signal pulse converting
section 22, and then supplied to the tape speed measuring
section 15, the X-direction head position compensating
section 16 and the tape position identifying section 18.

Each of the amplitudes of the above-mentioned signals
outputted by the magnetic head 10 1s converted 1nto ampli-
tude data by the Z-direction head position compensating
section 23.

The amplitude data 1s then supplied to the Z-direction
position compensating section 17.

Reference 1s now made to FIG. 2 which 1s a plan view
showing the magnetic head 10 and several components
arranged around this magnetic head. As illustrated, the
magnetic head 10 1s arranged between first and second tape
cguides 62—63, while also being held 1n facing relation to the
magnetic tape 61. The second tape guide 63 1s spaced from
the first tape guide 62 i1n the X-direction, while the tape
contact surface of the magnetic head 10 faces i1n the
Z-direction. The Y-direction (and the opposite direction) is
perpendicular to both the X-direction and the Y-direction.

A head position adjusting device 64 1s provided for
adjusting the position of the magnetic head 10 relative to the
magnetic tape 61. Specifically, upon actuation of the head
position adjusting device 64, the magnetic head 10 can be
rotated about both an axis extending in the X-direction
(“X-axis”below) and an axis extending in the Z-direction
(“Z-axis”below). The magnetic head 10 can also be moved
in the Y-direction or its opposite direction by the head
position adjusting device 64.

The head position adjusting device 64 1includes the above-
mentioned tracking motor 7, X-direction compensation
motor 8 and Z-direction compensation motor 9. The tracking
motor 7 1s actuated to move the magnetic head 10 in the
Y-direction. The X-direction compensation motor 8 1s actu-
ated to rotate the magnetic head 10 about the Z-axis. The
Z-direction compensation motor 9 is actuated to rotate the
magnetic head 10 about the X-axis.

FIG. 3A schematically shows the track construction of the
magnetic tape 61. As illustrated, the magnetic tape 61 1is
provided with a plurality of user data tracks 71, servo tracks
72 and tape positioning tracks 73. The user data tracks 71 are
user-accessible tracks mto which the user can write data. In
the preferred embodiment, 128 user data tracks are provided.
The servo tracks 72 hold servo data, while the tape posi-
tioning tracks 73 hold tracking control data.

The magnetic-head 10 1s arranged to simultanecously
access a plurality of user data tracks 71, servo tracks 72 and
tape positioning tracks 73, though 1t 1s not possible for the
magnetic head 10 to access all of the tracks 71-73 at once.
Thus, the magnetic head 10 needs to be moved 1n the
Y-direction or its opposite direction by the head position
adjusting device 64 to access desired user data tracks 71.

Each of the servo tracks 72 1s provided with servo data
stored 1n a plurality of servo tracks. FIG. 3B, depicting only

10

15

20

25

30

35

40

45

50

55

60

65

3

some of all the servo tracks 72 on the tape, illustrates this
situation. Specifically, each servo track 72 (72a-72h) is
provided with multiple pieces of servo data (blackened
regions) disposed by a predetermined pitch (P) in the
X-direction. Each piece of servo data may have a predeter-
mined data length of P1. As 1llustrated, every two adjacent
servo tracks 72 (the adjacent tracks 72a and 72b, 72b and
72¢, and so on) are different in servo data phase by a
predetermined pitch (P0) in the X-direction, which is greater
than the data length P1. The servo data phases of the upper
servo track 72a and the lower servo track 724 are arranged
to coincide with each other. It should be noted here that the
upper and the lower servo tracks 72a, 724 are the most
spaced servo tracks that the magnetic head 10 can access
simultaneously. Though not 1llustrated, the same servo track
pattern shown 1n FIG. 3B will appear, as viewed 1n the
widthwise direction of the tape 61 (the Y-direction).

The operation of the magnetic tape unit of the present
invention will be described below.

First, the head position adjusting device 64 may be
operated to move the magnetic head 10 in the Y-direction or
the opposite direction, so that the head 10 will be brought to
the desired p051t1011 relative to the magnetic tape 61. Then,
the tape 61 1s begun to run, guided by the two tape guides
62, 63 (FIG. 2). Then, a series of read signals (A) as shown
in FIG. 4 will be outputted from each of the magnetic head
channels corresponding to the currently accessing servo
tracks 72. Heremnafter, these channels of the magnetic head
10 may be called “servo track channels.” The read signals
(A) are then supplied to the read/write controller 3. The
supplied read signals are converted into a series of pulses (B)
as shown in FIG. 4 by the relevant one of the pulse
converters 47 of the read signal pulse converting section 22.

FIG. 5 shows the flow of signals for performing skew
compensation. For convenience of description, 1t 15 sup-

posed now that the magnetic head 10 1s positioned to access
the eight servo tracks 72a—72h shown 1n FIG. 3B.

In operation, as stated above, a series of read signals (A)
(FIG. 4) is outputted from each of the servo track channels
of the head 10 corresponding to the first through the eighth
servo tracks 72a—72h, and then these read signals (A) are
converted into a series of pulses (B) by the pulse converters
47. Specifically, a first series of read signals (A) obtained
from the first servo track 72a 1s converted 1nto a first series
of pulses (B) by a first pulse converter 47, a second series of
read signals (A) obtained from the second servo track 72b is
converted into a second series of pulses (B) by a second

pulse converter 47, and so on. Thus, eight series of pulses
(B) are obtained.

Of all these series of pulses (B), only the first series of
pulses (stemming from the first servo track 72a) and the
eighth series of pulses (stemming from the eighth servo
track 72/) are supplied from the read signal pulse converting
section 22 to a pulse generator 81 of the X-direction head
position compensating section 16.

Referring now to FIG. 6, the pulse generator 81 may
generate a first series of servo pulses (C) based on the
above-mentioned first series of pulses (B), while also gen-
erating a second series of servo pulses (D) based on the
above-mentioned eighth series of pulses (B). The first series
of servo pulses (C) are synchronized with the rising edges of
the first series of pulses (B), while the second series of servo
pulses (D) are synchronized with the rising edges of the
eighth series of pulses (B). Then, these servo pulses (C, D)
are supplied to the edge detector 34 of the X-direction head
position compensating section 16 (see FIG. §).
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The edge detector 34 will detect the rising edges of the
servo pulses (C, D), and then supplies detection signals to a
counter controller 82 of the interval determiner 35.

It 1s supposed that mitially the magnetic head 10 1s
skewed relative to the magnetic tape 61, as shown 1n FIG. 7.
In this condition, there is a phase difference (Pd) between the
servo pulses (C) and the servo pulses (D), as shown in FIG.
6. For measuring the amount of this phase difference, the
counter controller 82 starts an interval counter 83 of the
interval determiner 35 when a rising edge of the servo pulses
(C) 1s detected (see an arrow (a)). Then, the interval counter
83 counts the pulses of a clock signal having a sufficiently
short cycle, until the counter 83 1s stopped by the counter
controller 82 when the subsequent rising edge of the servo
pulses (D) is detected (see an arrow (b)). Then, the obtained
count result 1s latched by a register 84.

Thereafter, a comparator 85 of the section 16 (see FIG. 5)
compares the count number latched 1n the register 84 with a
predetermined value which has been preset 1in the phase
register 33 through the servo controlling processor 11. When
the latched counter number 1s greater than the preset value
in the register 33, the comparator 85 supplies a detection
signal to the interrupt controller 26. Upon this, the interrupt
controller 26 supplies an interrupt signal to the servo con-
trolling processor 11, thereby causing the processor 11 to
read out the counter number latched in the register 84.

Then, the processor 11 calculates how much and what
direction the magnetic head 10 should be rotated about the
Z-axis (FIG. 2) for compensating the skew. This calculation
will be performed based on the above-mentioned counter
number (read out from the register 84) and parameters such
as the current running speed and running direction of the
tape 61. The calculation will also be based on the belonging
of the initially detected rising edge (a), in other words, on the
fact about whether the initially detected rising edge (a)
belongs to the first series of servo pulses (C) or the second
series of servo pulses (D)). The calculation results are
supplied to an A/D converter 44 of the motor current
controlling section 19, as shown 1n FIG. 5.

Accordingly, the A/D converter 44 supplies an appropri-
ate current to the X-direction compensation motor 8 of the
head position adjusting device 64 for skew compensation.
Thus, the magnetic head 10 will be rotated about the Z-axis
by the motor 8 to take the proper position relative to the tape
61, as shown 1n FIG. 8. At this stage, the phase difference

(Pd) between the servo pulses C and D no longer exists, as
shown by the double-headed arrow (c) in FIG. 6.

When the skew 1s not so large as to be detrimental to the
proper function of the system, it may need not be compen-
sated. Specifically, 1f a skew 1s greater than a predetermined
threshold, 1t may need compensating. However, when the
skew 1s no greater than the threshold, 1t may not be cor-
rected. The threshold can be raised or lowered by varying the
relevant value set 1n the phase register 33.

Due to the above-described skew compensating
operation, the unfavorable “off-tracking” behavior of the
magnetic head 10 1s corrected, whereby the head 10 will be
allowed to access the appropriate user data tracks 71 on the
magnetic tape 61.

Reference 1s now made to FIG. 9 illustrating the signal
flow 1n performing tape speed compensation. As previously
stated with reference to FIG. 4, eight series of pulses (B) are

generated when the magnetic head 10 1s accessing the eight
servo tracks 72a—72h (FIG. 3B).

Then, a selected one of the thus generated pulse series (B)
1s supplied to a pulse generator 91 of the tape speed
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measuring section 15. Upon receiving the pulses (B), the
pulse generator 91 generates a series of servo pulses (E), as
shown in FIG. 10, and then supplies these pulse series (E) to
the tape speed detector 32.

The tape speed detector 32 includes a counter for counting
the pulses of a clock signal having a sufficiently short cycle.
This counter starts its counting operation at every rising
edge of the servo pulse series (E). Specifically, the counter
of the detector 32 starts its first counting (time-measuring)
operation at the rising edge (d) shown in FIG. 10, and
continues this until the next rising edge (¢) is detected. The
thus obtained count value 1s supplied to a register 92 of the
section 15.

The counter will start a new counting operation at the
second rising edge (¢), the third rising edge (f), and so on.
The count values obtamned from the respective counting
operations are supplied to the register 92. How many times
such a counting operation will be repeated depends upon the
preset value set 1n the speed register 31 under the control of
the servo controlling processor 11.

Then, the servo controlling processor 11 reads out the
count values latched 1n the register 11. Based on the readout
data, the processor 11 analyzes the current running states of
the tape 61, such as the running speed of the tape 61, the
occurrence of tape slip. Then, in light of the results of this
analysis, the processor 11 supplies appropriate driving data
to the D/A converters 41, 42 of the motor current controlling
section 19. As readily understood, the rising edges of the
servo pulse series (E) will appear each time the magnetic
tape 61 has been moved a constant distance. Thus, 1t 1s
possible to calculate the running speed of the tape 61 by
counting the clock signal pulses between two adjacent rising
cdges.

The D/A converters 41, 42 supply appropriate driving
currents to the reel motors S, 6 1n accordance with drive data
from the processor 11. Thus, the rotation speeds of the
respective motors 5, 6 will be adjusted to equalize the
running speed of the tape 61. Such an arrangement 1s helpful
to prevent erroneous data-reading from occurring.

Next, the longitudinal positioning operation for the head
10 relative to the tape 61 will be described.

In operation, when the magnetic head 10 comes to the end
of any piece of data read out from the tape 61, the main
controller 1 supplies a GAPOUT signal to the servo con-
trolling processor 11. Upon this, the processor 11 causes the
tape position 1dentifying section 18 to determine the current
position of the tape 61, and this position 1s stored in the
memory 12. Thus, a plurality of pieces of position data will
be stored in the memory 12. Thereafter, when a particular
one of the tape positions stored in the memory 12 is specified
by the main controller 1, and the magnetic head 10 1s
brought to this particular position, then the processor 11
supplies a GAPIN signal to the main controller 1.

Reference 1s now made to FIG. 11 which 1s a block
diagram 1llustrating the signal flow during the tape position
memorizing operation. After the pulse series (B) corre-
sponding to the servo track channels of the head 10 have
been generated by the pulse converters 47, they are supplied
to a pulse generator 101 of the tape position memory 37 1n
the tape position identifying section 18. The pulse generator
101 will generate seven different series of servo pulses
(F-L), as shown in FIG. 12, and then supply these servo
pulse series (F-L) to tape position counters 102 (FIG. 11).

The tape position counters 102 count the pulses of the first
through the seventh servo pulse series (F-L), respectively.
Specifically, a first tape position counter 102 1s responsible
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for counting the pulses of the first servo pulse series (F), a
second tape position counter 102 1s responsible for counting
the pulses of the second servo pulse series (G), and so on.

Meanwhile, when the main controller 1 supplies a
GAPOUT signal to the processor 11, the GAPOUT signal 1s
then supplied to a data end position detector 103 from the
processor 11. Upon this, the detector 103 supplies a detec-
fion signal to the tape position counters 102. Receiving the
detection signal, the respective tape position counters 102
latch the obtained count numbers. These count numbers are

then supplied to a count data comparator 104.

The comparator 104 detects the greatest count number of
all the supplied count numbers. Then, the greatest count
number and the track number of the servo track 72 corre-
sponding to the counter 102 which has registered the great-

est counter number will be held by a register 105. Then, the
processor 11 causes the greatest count number and the track
number to be stored in the memory 12.

In this connection, if two or more counters 102 have
registered the greatest count number, the track number to be
stored 1n the register 105 may be determined 1n the following
manner. It is supposed that three counters 102 (e.g. the first,
second and third counters) have registered the greatest count
number. Then, the third counter 102 will be selected, since
it 1s responsible for counting the pulses of the third servo
pulse series (H) whose phase is slower than those of the
other two servo pulse series (F, G). The third counter 102
corresponds to the third servo track 72¢ (F1G. 3B). Thus, the
track number of the servo track 72c¢ will be stored in the
register 105, together with the greatest count number.

Reference 1s now made to FIG. 13 which 1s a block
diagram showing the signal flow during a tape position
secking operation. When a particular tape position 1s speci-
fied by the main controller 1, the servo controlling processor
11 reads out, from the memory 12, the relevant count
number and track number corresponding to the specified
tape position. Then, the processor 11 sets the count number
in a position seeking register 111 of the tape position finder
38, while also setting the track number 1n a track selector
112. Then, the position seeking register 111 supplies the set
value to a tape position monitor 113. The track selector 112
supplies a designation signal to the tape position counters
102 for specitying the counter corresponding to the selected
frack number. Upon this, the tape position counters 102
supply the count value of the counter specified by the track
selector 112 to the tape position monitor 113.

As the magnetic tape 61 1s running, the tape position
counters 102 count the pulses of the respective servo pulse
series (F—L) supplied from the pulse generator 101. The tape
position monitor 113 compares the count number of the
particular counter specified by the track selector 112 with the
set value 1n the position seeking register 111. When the count
number of the specified counter becomes equal to the set
value 1n the register 111, the tape position monitor 113
supplies a coincidence signal to a GAPIN signal generator
114. Upon this, the generator 114 supplies a GAPIN signal
to the servo controlling processor 11. Then, the processor 11
supplies a GAPIN signal to the main controller 1.

According to the above preferred embodiment, the lon-
oitudinal positioning for the magnetic head 10 relative to the
tape 61 1s performed based on the absolute positions marked
on the tape 61. In this manner, 1t 1s possible to eliminate or
at least mitigate the problem of erroneous positioning due to

¢.g. the slippage between the tape 61 and the tape guides 62,
63.

Reference 1s now made to FIG. 14 which 1s a block
diagram showing the signal flow during a facing relation
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compensating operation for the tape 61 and the magnetic
head 10 It 1s supposed again that the magnetic head 10 1s

positioned over the tape 61 to access the eight servo tracks
72a-72h (see FIG. 3B). For performing the desired

compensation, use 1s made of two read signals M and N, as
shown 1n FIG. 15, which are stemming from the first and the

eighth servo tracks 72a, 72A(FIG. 3B), respectively.

Speciiically, the servo wave-form amplitude monitors 52
(only one 1s shown in FIG. 14) of the Z-direction head
position compensating section 23 are arranged to sample the
amplitude of the read signals M and N. Then, these monitors
52 supply the peak values of the sampled data to the A/D

converter 51. The A/D converter 51 converts the supplied
peak values 1mnto digital data which will be sent to the level
register 36 of the Z-direction position compensating section
17. The level register 36 1s timed to latch the supplied digital
data.

Based on the latched digital data, the servo controlling
processor 11 analyzes the facing relation between the mag-
netic head 10 and the magnetic tape 61. In accordance with
the results obtained from this analysis, the processor 11
supplies appropriate drive data to the D/A converter 435.
Then, based on the drive data, the converter 45 supplies
driving current to the Z-direction compensation motor 9.
Upon this, the motor 9 1s actuated to rotate the magnetic
head 10 about the X-axis, so that the contact surface of the
head 10 will be brought into parallel facing relation to the
tape 61.

More speciiically, when the magnetic head 10 1s held 1n
improper facing relation to the tape 61, as shown in FIG. 16,
the peak value of the read signal M and the peak value of the
other read signal N are different from each other, as shown
in FIG. 15. In the figure, the peak value of the signal M 1s
greater than the normal value (normal amplitude), while the
peak value of the signal N 1s smaller than the same normal
value. In accordance with the difference between these two
peak values, the processor 11 supplies drive data to the
converter 45, which 1n turn supplies driving current to the
Z-direction compensation motor 9, to equalize the distance
between the head 10 and the tape 61, as viewed 1n the
widthwise direction of the tape 61 (FIG. 17). In this equal-
1zed condition, the peak value of the signal M coincides with
the peak value of the other signal N, as shown 1n FIG. 15.

With the magnetic head 10 held in proper facing relation
to the recording surface of the tape 61, 1t 1s possible to
reduce or even eliminate fluctuations in read-out signal
level.

The gist of the magnetic tape unit according to the
above-described preferred embodiment may be grasped as
follows.

Specifically, a magnetic tape unit of the present invention
may 1nclude magnetic tape, a magnetic head, a skew detec-
tor and a skew compensator.

The magnetic tape 1s provided with a plurality of tracks
including first and second servo control tracks.

The magnetic head 1s arranged to simultaneously access a
predetermined number of tracks for data-writing and data-
reading. Each of the first and the second servo control tracks
1s provided with 1dentical pieces of data spaced from each
other 1 the longitudinal direction of the magnetic tape. The
pieces of data on the first servo control track are aligned with
the pieces of data on the second servo control track as
viewed 1n the widthwise direction of the magnetic tape.

The skew detector detects a skew of the magnetic head
relative to the magnetic tape based on a phase difference
between first and second signals stemming from the first and
the second servo control tracks, respectively.
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The skew compensator rotates the magnetic head about a
normal axis perpendicular to the recording surface of the
magnetic tape based on the skew detected by the skew
detector, so that the skew will be eliminated.

Further, a magnetic tape unit of the present invention may
include a magnetic tape, a magnetic head and a tape speed
determiner.

The magnetic tape 1s provided with a plurality of tracks
including a servo control track. This servo control track is
provided with pieces of data spaced from each other 1n the
longitudinal direction of the magnetic tape.

The magnetic head 1s arranged to simultaneously access a
predetermined number of tracks for data-writing and data-
reading.

The tape speed determiner determines the running speed

of the magnetic tape based on the cycle of signals stemming
from the servo control track.

Further, a magnetic tape unit of the present invention may
include a magnetic tape, a magnetic head, a tape speed
determiner and a tape speed compensator. As 1n the above-
mentioned tape unit, the magnetic tape 1s provided with a
plurality of tracks including a servo control track. This servo
control track 1s provided with pieces of data spaced from
cach other 1n the longitudinal direction of the magnetic tape.
The magnetic head 1s arranged to simultancously access a
predetermined number of tracks for data-writing and data-
reading. The tape speed determiner determines the running
speed of the magnetic tape based on the cycle of signals
stemming from the servo control track.

The tape speed compensator adjusts the running speed of
the magnetic tape based on the current tape speed detected
by the tape speed determiner.

Further, a magnetic tape unit of the present invention may
include a magnetic tape, a magnetic head and a tape position
determiner.

The magnetic tape 1s provided with tracks including a
plurality of servo control tracks. Each of the servo control
tracks 1s provided with pieces of data spaced from each other
in the longitudinal direction of the magnetic tape. The pieces
of data on the respective servo control tracks are different in
phase.

The magnetic head 1s arranged to simultaneously access a
predetermined number of tracks for data-writing and data-
reading. The magnetic head reads out data from the respec-
five servo control tracks and outputs corresponding signals.

The tape position determiner performs counting on the
signals outputted from the magnetic head. Specifically, the
tape position determiner may count the pulses of each signal
supplied from the magnetic head. Then, the tape position
determiner determines the greatest count number, and 1den-
tifies the particular one (or ones) of the servo control tracks
which 1s associated with the greatest count number. If there
are two or more servo control tracks associated with the
ogrecatest count number, the tape position determiner selects
one track from which an output signal having the latest pulse
phase 1s obtained. Through these steps, the tape position
determiner determines the current position of the magnetic
head relative to the magnetic tape as viewed longitudinally
of the tape.

Further, a magnetic tape unit of the present invention may
include a magnetic tape, a magnetic head, a facing relation
detector and a facing relation compensator.

The magnetic tape 1s provided with a plurality of tracks
including first and second servo control tracks. Each of the
servo control tracks 1s provided with identical pieces of data
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spaced from each other m the longitudinal direction of the
magnetic tape. The pieces of data on the first servo control
track are arranged to coincide with the pieces of data on the
second servo control track, as viewed 1n the widthwise
direction of the magnetic tape.

The magnetic head 1s arranged to stmultaneously access a
predetermined number of tracks for data-writing and data-
reading.

The facing relation detector determines whether or not the
magnetic head 1s held in parallel facing relation to the
magnetic tape, based on the difference in amplitude between
first and second signals read out from the first and the second
servo control tracks, respectively.

The facing relation compensator rotates the magnetic
head about an axis extending 1n the longitudinal direction of
the magnetic tape, based on the facing relation (between the
head and the tape) detected by the facing relation detector.
Thus, the magnetic head will be brought into proper facing
relation to the magnetic tape.

In the preferred embodiment described above, the skew
compensation 1s performed by rotating the magnetic head
about the predetermined axis with respect to the magnetic
tape 61, though the present invention 1s not limited to this.
Referring to FIG. 18, according to a second embodiment of
the present mnvention, the magnetic tape 61 may be moved
relative to the magnetic head 10 for compensating the skew.
Specifically, 1t 1s supposed that the tape 61 1s skewed relative
to the magnetic head 10 when the rotation axes of the
respective tape guides 62, 63 coincide with the single-dot
chain lines 62a, 63a. In such an instance, the tape guides 62,
63 may be rotated about Z-direction axes by the X-direction
compensation motor 8, so that the rotation axes of the tape
cuides 62, 63 will coincide with the other single-dot chain
lines 626 and 63b, as shown 1n FIG. 18. In this manner, the

skew can be eliminated.

Thus, according to the present invention, a magnetic tape
unit may be provided which includes a magnetic tape, a
magnetic head, tape guiding means, a skew detector and a
skew compensator. The tape guiding means may consist of
two guide rollers.

The magnetic tape 1s provided with a plurality of tracks
including first and second servo control tracks. Each of the
first and the second servo control tracks 1s provided with
pieces of data spaced from each other 1n the longitudinal
direction of the magnetic tape. The pieces of data on the first
servo control track are aligned with the pieces of data on the
second servo control track, as viewed 1n the widthwise
direction of the magnetic tape.

The magnetic head 1s arranged to simultaneously access a
predetermined number of tracks for data-writing and data-
reading.

Tape guiding means 1s arranged adjacent to the magnetic
head for guiding the magnetic tape so that the tape 1s held 1n
facing relation to the magnetic head.

The skew detector detects a skew of the magnetic tape
relative to the magnetic head based on a phase difference
between first and second signals stemming from the first and
the second servo control tracks, respectively.

For compensating the skew, the skew compensator rotates
the guiding means about a normal axis perpendicular to the
recording surface of the magnetic tape, based on the skew
detected by the skew detector.

Further, 1n the above-described preferred embodiment of
the present invention, the magnetic head 10 1s rotated about
the X-direction axis, so that the head 10 will be brought into
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parallel facing relation to the magnetic tape 61. Instead,
referring to FIG. 19, the tape guides 62, 63 may be rotated
about an X-axis by the Z-direction compensation motor 9.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head, tape guiding means, a facing relation detec-
tor and a facing relation compensator.

The magnetic tape 1s provided with a plurality of tracks
including first and second servo control tracks. Each of the
servo control tracks 1s provided with 1identical pieces of data
spaced from each other 1n the longitudinal direction of the
magnetic tape. The pieces of data on the first servo control
tfrack are arranged to coincide with the pieces of data on the
second servo control track, as viewed 1n the widthwise
direction of the magnetic tape.

The magnetic head 1s arranged to simultaneously access a
predetermined number of tracks for data-writing and data-
reading.

The facing relation detector determines whether or not the
magnetic head 1s held m parallel facing relation to the
magnetic tape, based on the difference in amplitude between
first and second signals read out from the first and the second
servo control tracks, respectively.

The facing relation compensator rotates the guiding
means about an axis extending 1n the longitudinal direction
of the magnetic tape, based on the facing relation (between
the head and the tape) detected by the facing relation
detector. Thus, the magnetic head will be brought into proper
facing relation to the magnetic tape.

Further, 1n the above-described preferred embodiment of
the present 1nvention, a predetermined number of servo
tracks 72 are provided with pieces of data spaced from each
other 1n the longitudinal direction of the tape 61, wherein the
pieces of data on the respective servo tracks are different in
phase (see FIG. 3B). With the use of such magnetic tape, the
longitudinal positioning of the magnetic head 10 relative to
the tape 61 can be accurately performed, as stated above.

However, according to the present invention, use may be
made of only one servo track 72 provided with pieces of data
for performing the longitudinal positioning of the magnetic
head 10 over the tape 61. In this case again, the desired
longitudinal positioning of the head 10 may be achieved by
counting the pulses of the signal read out from the single
servo track 72.

Alternatively, use may be made of several servo tracks 72
cach of which 1s provided with pieces of data for performing
the longitudinal positioning of the magnetic head relative to
the magnetic tape. In this case, the pieces of data on the
respective servo tracks 72 are arranged 1n the same phase, as
opposed to the example shown 1n FIG. 3B. With such an
arrangement, any one of the servo tracks 72 can be used for
finding the current longitudinal position of the head 10 over
the tape 61. Thus, the tape position finding operation can be
performed more reliably than when only one servo track 72
1s used.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head and a tape position determiner.

The magnetic tape 1s provided with tracks including a
predetermined number of servo control tracks. Each of the
servo control tracks 1s provided with pieces of data spaced
from each other 1n the longitudinal direction of the magnetic
tape. Instead of providing more than one servo control track,
a simgle servo control track may suffice for performing the
desired positioning of the magnetic head.
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The magnetic head 1s arranged to stmultaneously access a
predetermined number of tracks for data-writing and data-
reading. The magnetic head reads out data from the respec-
tive servo control tracks and outputs corresponding signals.

The tape position determiner performs counting on the
signals outputted from the magnetic head. Specifically, the
tape position determiner may count the pulses of the signals
from the magnetic head. Through this counting operation,
the tape position determiner determines the current position
of the magnetic head relative to the magnetic tape as viewed
longitudinally of the tape.

A magnetic tape unit of the present invention may be
additionally provided with a conventional tape-speed and
tape-position determining technique. Specifically, as shown
in FIG. 20, use may be made of rotary encoders 121 and 122
for counting the revolutions of the reel motors 5 and 6,
respectively. In this case, the magnetic tape unit further
includes a second tape speed detector 123, 1n addition to a
first tape speed detector 124 associated with the magnetic
head 10. The second tape speed detector 123 calculates the
running speed of the magnetic tape based on the detection
signals supplied from the rotary encoders 121, 122. The first
tape speed detector 124 calculates the running speed of the
tape based on the signals supplied from the magnetic head
10. The results of the calculation at the first and the second
detectors are sent to a tape speed determiner 125. This
determiner 125 chooses one of the calculated speeds from
the first and the second tape speed detectors 123, 124. The
selected tape speed 1s then supplied to the servo controlling
processor 11. Based on the tape speed data, the processor 11
controls the operation of the reel motors 5, 6 via the D/A
converters 41, 42.

According to another embodiment of the present
invention, as shown i FIG. 21, a second tape position
detector 131 may be used 1n association with the first and the
second rotary encoders 121, 122. Besides the second detec-
tor 131, a first tape position detector 132 1s provided for
calculating the longitudinal running position of the tape 61
based on the signal outputted from the magnetic head 10.
The second tape position detector 131 calculates the tape
position based on the detection signals from the two encod-
ers 121, 122. The results of the calculation at the first and the
second tape position detectors 131, 132 are sent to a tape
position determiner 133. This determiner 133 chooses one of
the calculated tape positions. The selected data 1s then
supplied to the servo controlling processor 11.

To provide the above-described additional detector for
tape speed or tape position 1s advantageous in the following
points.

As previously stated, the problem of erroneous tape speed
detection or tape position detection due to e.g. tape slippage
can be eliminated by performing the necessary calculations
based on the signals outputted from the magnetic head 10.
With this technique, however, there 1s still a possibility of
erroneous detection, which may be caused when a signal
read out from the tape 61 1s lost or when the signal reading
operation fails to be performed properly. This problem can
be dealt with by providing the above-mentioned additional
tape speed or position detector. Specifically, even when the
main detecting means based on the signals read out by the
head 10 1s not effective for performing the proper speed or
position detecting operation, the detecting operation will be
performed by the additional detecting means including the
rotary encoders 121 and 122, the second tape speed or
position detector 123 or 131, and the tape speed or position

determiner 125 or 133.
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In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head, a first speed calculator, a rotation counter, a
second speed calculator and a speed determiner. The mag-
netic tape 1s provided with a plurality of tracks including a
servo control track which 1s provided with pieces of data
spaced from each other 1n the longitudinal direction of the
magnetic tape. The magnetic head 1s arranged to simulta-
neously access a plurality of tracks for data-writing and

data-reading.

The first speed calculator calculates a first running speed
of the magnetic tape, based on the cycle of a signal read out
from the servo control track.

The rotation counter counts the number of revolutions of
a reel motor for running the magnetic tape.

The second speed calculator calculates a second running,
speed of the magnetic tape, based on the number of revo-
lutions counted by the rotation counter.

The speed determiner determines the current running
speed of the magnetic tape, based on the first and the second
running-speeds of the magnetic tape.

Further, there may be provided a magnetic tape unit which
includes a magnetic tape, a magnetic head, a first position
calculator, a rotation counter, a second position calculator
and a tape position determiner. The magnetic tape 1S pro-
vided with a plurality of tracks including a servo control
track which 1s provided with pieces of data spaced from each
other 1n the longitudinal direction of the magnetic tape. The
magnetic head 1s arranged to simultaneously access a plu-
rality of tracks for data-writing and data-reading.

The first position calculator calculates a first running
position of the magnetic tape by counting a signal read out
from the servo control track.

The rotation counter counts the number of revolutions of
a reel motor for running the magnetic tape.

The second position calculator calculates a second run-
ning position of the magnetic tape, based on the number of
revolutions counted by the rotation counter.

The tape position determiner determines the current run-
ning position of the magnetic tape, based on the first and the
second running positions.

According to the present invention, the first tape position
detector 132 (see FIG. 21) may calculate the running posi-
fion of the magnetic tape, based on one of the signals read

out from such a plurality of servo control tracks as shown 1n
FIG. 3B.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head, a first position calculator, a rotation counter,
a second position calculator and a tape position determiner.

The magnetic tape 1s provided with tracks including a
plurality of servo control tracks. Each of the servo control
tracks 1s provided with pieces of data spaced from each other
in the longitudinal direction of the magnetic tape. The pieces
of data on the respective servo control tracks are different in
phase. The magnetic head 1s arranged to simultanecously
access a plurality of tracks for data-writing and data-reading.

The first position calculator calculates a first longitudinal
position of the magnetic head relative to the magnetic tape
by performing counting on signals read out from the respec-
five servo control tracks, and by finding a particular one of
the servo control tracks, wherein the signal read out from
this particular servo control track has the greatest count
number and the latest phase.

The rotation counter counts the number of revolutions of
a reel motor for moving the magnetic tape.
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The second position calculator calculates a second longi-
tudinal position of the magnetic head relative to the mag-
netic tape, based on the number of revolutions counted by

the rotation counter.

The tape position determiner determines the current lon-
oitudinal position of the magnetic head relative to the
magnetic tape, based on the first and the second longitudinal
positions.

According to the present invention, only one servo control
track may be provided on the magnetic tape, wherein the
single servo control track 1s provided with pieces of data
spaced from each other by predetermined distances. In
accordance with this i1dea, there may be provided a magnetic
tape unit which includes a magnetic tape, a magnetic head,
a first position calculator, a rotation counter, a second
position calculator and a tape position determiner.

The magnetic tape 1s provided with a plurality of tracks
including a servo control track. This servo control track is
provided with pieces of data spaced from each other in the
longitudinal direction of the magnetic tape. The magnetic
head 1s arranged to simultancously access a plurality of
tracks on the magnetic tape.

The first position calculator calculates a first longitudinal
position of the magnetic head relative to the magnetic tape
by performing counting on a signal read out from the servo
control track.

The rotation counter counts the number of revolutions of
a reel motor for running the magnetic tape.

The second position calculator calculates a second longi-
tudinal position of the magnetic head relative to the mag-
netic tape, based on the number of revolutions counted by
the rotation counter.

The tape position determiner determines the current run-
ning position of the magnetic tape with respect to the
magnetic head, based on the first and the second longitudinal
positions of the magnetic head.

In the above-described magnetic tape units, the longitu-
dinal running position of the magnetic tape 61 1s determined
by counting the pulses of a pulse series converted from a
signal (or signals) which is read out from a servo track 72 (or
tracks 72) on the magnetic tape 61. The present invention,
however, 1s not limited to this. For instance, servo tracks 72
may be provided with positioning codes arranged in the
longitudinal direction of the magnetic tape. These position-
ing codes indicate the absolute positions of the magnetic
tape. With such an arrangement, the current running position
of the magnetic tape 61 can be determined by causing the
magnetic head 10 to read out the positioning codes.

Such positioning codes may be provided 1n one servo
track 72 only. Preferably, several servo tracks 72 may be
provided with the positioning codes. With this arrangement,
the running position of the magnetic tape 61 can be deter-
mined accurately even when one or two (or more) servo
tracks 72 are provided with incomplete positioning codes.

According to the above idea, there may be provided a
magnetic tape unit which includes a magnetic tape, a mag-
netic head and a tape position determiner.

The magnetic tape 1s provided with a plurality of tracks
including a servo control track. This servo control track is
provided with positioning data representing the absolute,
longitudinal positions of the magnetic tape. The magnetic
head 1s arranged to simultancously access a plurality of
tracks for data-writing and data-reading. The tape position
determiner determines the current running position of the
tape, based on information obtained by reading out the
positioning data on the servo control track.
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Further, there may be provided a magnetic tape unit which
includes a magnetic tape, a magnetic head and a tape
position determiner.

The magnetic tape 1s provided with tracks including a
plurality of servo control tracks. The respective servo con-
trol tracks are provided with 1dentical absolute position
indicating codes. The absolute position indicating codes of
the respective tracks have the same phase, as viewed 1n the
widthwise direction of the magnetic tape. The magnetic head
1s arranged to simultaneously access a plurality of tracks on
the magnetic tape. The tape position determiner determines
the current running position of the magnetic tape, based on
information obtained by reading out the absolute position
indicating codes on one or more of the servo control tracks.

For performing more accurate running position
determining, the absolute position indicating codes on the
servo control tracks may be recorded 1n different phase, as
with the pulse-generating data shown 1n FIG. 3B. With such
an arrangement, the pitch PO (see FIG. 3B) can be made
smaller, without deteriorating the proper data-reading
performance, than when the position indicating codes are
crammed 1nto only one servo control track. Clearly, the
smaller pitch PO of the codes makes it possible to determine
the running position of the tape 61 more accurately.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head and a tape position determiner. The magnetic
tape 1s provided with tracks including a plurality of servo
control tracks each of which 1s provided with absolute
position indicating codes spaced from each other in the
longitudinal direction of the magnetic tape. The absolute
position indicating codes on the respective servo control
tracks are different 1n phase. The magnetic head 1s arranged
to simultaneously access a plurality of tracks for data-
writing and data-reading. The tape position determiner
determines the current running position of the magnetic
tape, based on information obtammed by reading out the
absolute position indicating codes of the servo control
tracks.

According to the present invention, the above position-
determining technique utilizing the absolute position indi-
cating codes may be combined with the conventional
position-determining method using rotary encoders.

Specifically, as shown 1 FIG. 22, rotary encoders 121,
122 are associated with the reel motors 5 and 6, respectively,
for detecting the number of revolutions of these motors.
Based on the detection signals supplied from the encoders
121, 122, a second tape position calculator 141 calculates
the running position of the tape 61. The first tape position
calculator 142 also calculates the running position of the
tape 61 based on the signals supplied from the magnetic
head 10. The results of the calculation at the first and the
second calculators 141, 142 are supplied to a tape position
determiner 143 for determining the current running position
of the tape 61. The resulting data about the tape position 1s
then supplied to the servo controlling processor 11.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head, a first position calculator, a rotation counter,
a second position calculator, a tape position determiner. The
magnetic tape 1s provided with a plurality of tracks including
a servo control track. This servo control track 1s provided
with absolute longitudinal position indicating codes spaced
from each other 1n the longitudinal direction of the magnetic
tape. The magnetic head i1s arranged to simultaneously
access a plurality of tracks for data-writing and data-reading.

10

15

20

25

30

35

40

45

50

55

60

65

20

The first position calculator calculates a first longitudinal
position of the magnetic tape, based on information obtained
by reading out the absolute longitudinal position indicating
codes on the servo control track. The rotation counter counts
the number of revolutions of a reel motor for running the
magnetic tape. The second position calculator calculates a
second longitudinal position of the magnetic tape, based on
the number of revolutions counted by the rotation counter.
The tape position determiner determines the current longi-
tudinal position of the magnetic tape, based on the first and
the second longitudinal positions of the magnetic tape.

Further, there may be provided a magnetic tape unit which
includes a magnetic tape, a magnetic head, a first position
calculator, a rotation counter, a second position calculator
and a tape position determiner. The magnetic tape 1s pro-
vided with tracks including a plurality of servo control
tracks. Each of the servo control tracks 1s provided with
absolute longitudinal position indicating codes spaced from
cach other 1n the longitudinal direction of the magnetic tape.
The position indicating codes on the respective servo control
tracks have the same phase, as viewed 1n the longitudinal
direction of the magnetic tape. The magnetic head 1is
arranged to stmultaneously access a plurality of tracks on the
magnetic tape. The first position calculator calculates a first
longitudinal position of the tape, based on information
obtained by reading out the absolute longitudinal position
indicating codes on the servo control tracks. The rotation
counter counts the number of revolutions of a reel motor for
running the magnetic tape. The second tape position calcu-
lator calculates a second longitudinal position of the tape,
based on the number of revolutions counted by the rotation
counter. The tape position determiner determines the current
running position of the magnetic tape with respect to the
magnetic head, based on the first and the second longitudinal
positions of the tape.

Further, there may be provided a magnetic tape unit which
includes a magnetic tape, a magnetic head, a first position
calculator, a rotation counter, a second position calculator
and a tape position determiner. The magnetic tape 1s pro-
vided with tracks including a plurality of servo control
tracks. Each of the servo control tracks 1s provided with
absolute longitudinal position indicating codes spaced from
cach other 1n the longitudinal direction of the magnetic tape.
The position indicating codes on the respective servo control
tracks are different in phase, as viewed 1n the longitudinal
direction of the magnetic tape. The magnetic head 1is
arranged to stmultaneously access a plurality of tracks on the
magnetic tape. The first position calculator calculates a first
longitudinal position of the tape, based on information
obtained by reading out the absolute longitudinal position
indicating codes on the servo control tracks. The rotation
counter counts the number of revolutions of a reel motor for
running the magnetic tape. The second tape position calcu-
lator calculates a second longitudinal position of the tape,
based on the number of revolutions counted by the rotation
counter. The tape position determiner determines the current
running position of the magnetic tape with respect to the
magnetic head, based on the first and the second longitudinal
positions of the tape.

As previously described with reference to FIG. 3B, each
servo track 72 may be provided with pieces of data arranged
at a predetermined constant pitch (P) in the longitudinal
direction of the magnetic tape 61. The present invention,
however, 1s not limited to this. For instance, as shown 1n
FIG. 23, a first servo track may be provided with pieces of
positioning data arranged by a relatively greater pitch, while
a second servo track may be provided with pieces of
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positioning data arranged by a relatively smaller pitch. In
such an instance, use may be made of a counter including a
higher-bit counting section and a lower-bit counting section.
The higher-bit counting section may count the pulses of a
signal obtained by reading out the pieces of data on the first
servo track (longer data pitch), while the lower-bit counting
section may count the pulses of a signal obtained by reading
out the pieces of data on the second servo track (shorter data
pitch).

With such an arrangement, the scale of the counter
circuitry 1s advantageously reduced, thereby saving produc-
tion cost. Further, even if a part of the shorter or longer pitch
signal 1s accidentally lost, the counting operation can be
performed based on the other complete signal. For 1nstance,
when the data of the shorter pitch signal 1s incomplete, the
counting operation may be mainly performed based on the
longer pitch signal.

In the above-described example, only two servo tracks are
shown 1n FIG. 23. Clearly, three or more such servo tracks
may be provided on the magnetic tape 61.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head and a tape position determiner. The magnetic
tape 1s provided with tracks including at least first and
second servo control tracks. Each of the servo control tracks
1s provided with pieces of data spaced from each other 1n the
longitudinal direction of the magnetic tape. The pieces of
data on the first servo control track are different 1n pitch from
the pieces of data on the second control track. The tape
position determiner determines the current running position
of the magnetic tape by performing counting on signals read
out from the first and the second servo control tracks.

According to the present invention, as shown in FIG. 24,
a single servo track 72 may be provided with pieces of data
which are arranged by unequal pitches. In the illustrated
example, the servo control track is alternately provided with
wider stripe regions and narrower stripe regions. The pieces
of data 1n each narrower stripe region may be counted as one
(1) by the higher-bit counting section of a counter. On the
other hand, any one of the pieces of data in each wider stripe
region may be counted as one (1) by the lower-bit counting
section of the same counter.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head and a tape position determiner. The magnetic
tape 1s provided with a plurality of tracks including a servo
control track. This servo control track 1s provided with
pieces of data spaced from each other in the longitudinal
direction of the magnetic tape. The servo control track is
alternately divided into wider stripe regions and narrower
stripe regions. The pieces of data on the servo control track
are spaced from each other by a greater distance 1n a wider
stripe region than in a narrower stripe region. The magnetic
head 1s arranged to simultaneously access a plurality of
tracks for data-writing and data-reading. The tape position
determiner determines the current running position of the
magnetic tape by counting the pulses of a signal read out
from the servo control track. The tape position determiner
includes a higher-bit counting section and a lower-bit count-
ing section. The higher-bit counting section counts the
pieces of data 1n a narrower stripe region as one. The
lower-bit counting section counts each of the pieces of data
in a wider stripe region as one.

According to the present invention, more than one servo
track as shown 1n FIG. 24 may be provided on the magnetic
tape 61. FIG. 25 shows two 1dentical servo control tracks
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provided on the tape 61. As 1llustrated, each of the servo
control tracks 1s alternately provided with wider stripe data
regions and narrower stripe data regions.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head and a tape position determiner. The magnetic
tape 1s provided with a plurality of tracks including at least
first and second servo control tracks. Each of the servo
control tracks 1s provided with pieces of data spaced from
cach other 1n the longitudinal direction of the magnetic tape.
Each of the servo control tracks 1s alternately divided into
wider stripe regions and narrower stripe regions. The pieces
of data on each servo control track are spaced from each
other by a greater distance 1n a wider stripe region than in a
narrower stripe region. The magnetic head 1s arranged to
simultaneously access a plurality of tracks for data-writing
and data-reading. The tape position determiner determines
the current running position of the magnetic tape by count-
ing the pulses of signals read out from the first and the
second servo control tracks. The tape position determiner
includes a higher-bit counting section and a lower-bit count-
ing section. The higher-bit counting section counts the
pieces of data 1n a narrower stripe region as one. The
lower-bit counting section counts each of the pieces of data
in a wider stripe region as one.

According to the present invention, each servo control
track 72 on the magnetic tape 61 may be provided with a
plurality of nonmagnetic portions 151, as shown in FIG. 26.
The nonmagnetic portions 151 1n each servo control track
are spaced from each other by a predetermined constant
pitch (1000 mm in the illustrated example). Each nonmag-
netic portion 151 has a length of 2 mm for example. Further,
cach servo control track 1s provided with pieces of data
between successive nonmagnetic portions 151. In the illus-
trated example, 5000 pieces of data which are equally

spaced are provided between successive nonmagnetic por-
tions 151.

When the above-described magnetic tape 61 1s run at 10
m/s for example, a signal read out from one servo control
track 72 may have such a configuration (g) as shown in FIG.
26. This read-out signal i1s then converted into a nonmag-
netic portion detecting signal (h) by a logic circuit of the
magnetic tape unit. As readily understood, the recessed parts
(h0) of the detection signal (h) correspond to the nonmag-
netic portions 151 of the servo control track 72, from which
no data will be read out. In the illustrated example, each
recessed part (h0) lasts for 200 microseconds (us).

Under the above circumstances, 1t may be determined that
the magnetic head 10 1s reading a nonmagnetic portion 151
on the servo track 72 when no data 1s detected for e.g. 100
us or more. Every time a nonmagnetic portion 151 1s
detected, the count number 1n the counter will be
incremented, whereby the current running position of the
tape 61 can be calculated. The running speed of the tape 61
can also be calculated by measuring the time between the
successive nonmagnetic portions 151. According to the
present invention, each nonmagnetic portion 151 may be an
opening or ftransparent part in the magnetic tape 61.
Alternatively, a nonmagnetic material may be applied at the
appropriate portions on the tape 61.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head, a nonmagnetic portion detector and a tape
position determiner. The magnetic tape 1s provided with a
plurality of tracks including a servo control track. This servo
control track 1s provided with nonmagnetic portions spaced
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from each other 1n the longitudinal direction of the magnetic
tape. The magnetic head i1s arranged to simultaneously
access a plurality of tracks for data-writing and data-reading.
The nonmagnetic portion detector detects the nonmagnetic
portions on the tape, based on a signal read out from the
servo control track. The tape position determiner determines
the current running position of the magnetic tape by count-
ing the nonmagnetic portions based on the detection of the
nonmagnetic portion detector.

Further, there may be provided a magnetic tape unit which
includes a magnetic tape, a magnetic head, a nonmagnetic
portion detector and a tape speed calculator. The magnetic
tape 1s provided with a plurality of tracks including a servo
control track. This servo control track 1s provided with
nonmagnetic portions spaced from each other in the longi-
tudinal direction of the magnetic tape. The magnetic head 1s
arranged to simultaneously access a plurality of tracks for
data-writing and data-reading. The nonmagnetic portion
detector detects the nonmagnetic portions, based on a signal
read out from the servo control track. The tape speed
determiner determines the current running speed of the
magnetic tape by measuring the time between successive
nonmagnetic portions based on the detection of the non-
magnetic portion detector.

When the nonmagnetic portions 161 are openings
(through-holes) in the tape 61, use may be made of an optical
sensor 162 for detecting these magnetic portions, as shown
in FIG. 27. For preventing the mechanical strength of the
tape 61 from becoming unduly weak, the tape 61 may be
rendered partially transparent at the nonmagnetic portions
instead of being formed with openings.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head, a sensor and a tape position determiner. The
magnetic tape 1s provided with a plurality of tracks including
a servo control track. The tape 1s also provided with a series
of openings or transparent portions spaced from each other
in the longitudinal direction of the magnetic tape. The sensor
detects the openings or transparent portions. The tape posi-
fion determiner determines the current running position of
the magnetic tape by counting the openings or transparent
portions based on the detection of the sensor.

Further, there may be provided a magnetic tape unit which
includes a magnetic tape, a magnetic head, a sensor and a
tape speed determiner. The magnetic tape 1s provided with a
plurality of tracks including a servo control track. The
magnetic tape 1s also provided with a series of openings or
transparent portions spaced from each other in the longitu-
dinal direction of the tape. The magnetic head 1s arranged to
simultaneously access a plurality of tracks for data-writing
and data-reading. The sensor detects the openings or trans-
parent portions. The tape speed determiner determines the
current running speed of the tape by measuring the time
between successive openings or transparent portions based
on the detection of the sensor.

In the above-described embodiments or examples, the
user data tracks 71 and the servo control tracks 72 have the
same magnetic characteristics, though the present mvention
1s not limited to this. For instance, the user data tracks 71
may be made of a material whose magnetic characteristics
are different from those of the servo control tracks 72. In this
manner, preferably, the servo control tracks 72 may be

rendered more resistant to data-rewriting and data deletion
than the user data tracks 71.

With such an arrangement, it 1s possible to protect the data
stored 1n the servo tracks 72 from being unexpectedly lost
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even when the magnetic head 10, which has been unduly
offset in the widthwise direction of the tape 61 (Y-direction
in FIG. 3A), is about to rewrite data to or delete data from
the servo control tracks 72 other than the user data tracks 71.

In the above 1dea, there may be provided a magnetic tape
unit which includes a magnetic tape and a magnetic head.
The magnetic tape 1s provided with a plurality of tracks
including a servo control track and a non-servo control track.
The magnetic head 1s arranged to simultancously access a
plurality of tracks for data-writing and data-reading. The
magnetic characteristics of the servo control track are ren-
dered different from those of the non-servo control track, so
that the data stored in the servo control track will remain

intact even when a data-writing or data-deleting operation
for the non-servo control track is erroneously performed to
the servo control track.

As previously described with reference to FIG. 2, the
magnetic head 10 1s caused to move 1n the Y-direction by the
head position adjusting device 64, but not movable 1n the
Z-direction (though the head 10 is rotatable about the Z- and
X-axes). The present invention, however, 1s not limited to
this. For instance, the magnetic head 10 may be arranged to
move 1n the Z-direction and the opposite direction. In this
case, as shown 1 FIG. 28, the magnetic head 10 may be
mounted on a head-shifting device 64 which 1s movable
toward or away from the recording surface of the magnetic
tape 61. The head-shifting device 64 1s connected to a motor
171 via a power transmission 172. Upon actuation of the
motor 171, the shifting device 64 1s moved toward or away
from the tape 61, depending on e.g. whether the motor 171
1s rotating forward or backward. Even when the motor 171
1s a unidirectional one, the shifting direction of the device 64

may be changed through operation of the power transmis-
sion 172.

In addition to or i1n place of the above shifting
arrangement, use may be made of a tape guide shifting
device 173 which 1s connected to a motor 174 via a power
transmission 175. As illustrated, the two tape guides 62, 63
are attached to the shifting device 173, which 1s movable 1n

the Z-direction and the opposite direction upon actuation of
the motor 174.

The operation of the above-described shifting device 64
or 173 1s controlled based on the amplitude of a signal read
out from the servo track 72. Specifically, when the amplitude
of a read-out signal 1s smaller than a certain reference value,
the distance between the head 10 and the tape 61 will be
rendered smaller. On the other hand, when the amplitude 1s
too great, the head 10 will be moved away from the tape 61.
In this manner, the magnetic head 10 and the recording
surface of the magnetic tape 61 will always be held at an
appropriate distance from each other, which 1s necessary for
performing a proper data-reading operation.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head and a position adjusting mechanism. The
magnetic tape 1s provided with a plurality of tracks including
a servo control track. This servo control track 1s provided
with pieces of data spaced from each other i the longitu-
dinal direction of the magnetic tape. The magnetic head 1s
arranged to simultaneously access a plurality of tracks for
data-writing and data-reading. The position adjusting
mechanism moves the magnetic head and/or magnetic tape
in a direction perpendicular to the head-facing surface of the
magnetic tape, based on the amplitude of a signal which 1s
read out from the servo control track.

As previously stated with reference to FIGS. 14-17, an
improper facing relation between the head 10 and the tape 61
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can be corrected based on signals which are read out from
the servo tracks 72 on the tape 61. The present invention,
however, 1s not limited to this. For instance, use may be
made of an optical sensing technique for checking the facing
relation between the head 10 and the tape 61. In this regard,
reference 1s made to FIGS. 29 and 30 showing a magnetic
head 10 provided with an optical sensor for checking the
posture of the head 10 relative to the tape 61.

Specifically, as shown 1n FIG. 29, the magnetic head 10
consists of a protruding portion (or head portion) 180 and a
sensing portion 181 arranged above the protruding portion
180. The protruding portion 180 may come into contact with
the magnetic tape 61, while the sensing portion 181 1is
widely spaced from the tape 61. Referring also to FIG. 30,
the sensing portion 181 1s provided with a light source 182
for 1lluminating the magnetic tape 61 and with four light
detectors 183a—183d. The light source 182 may be a light-
emitting diode (LED), while each of the light detectors may
be a charge coupled device (CCD). The light source 182 is
accommodated 1 a chamber 181a formed in the sensing
portion 181. The light emitted from the light source 182 goes
out from the chamber 181a through a hole 1815 having a
circular cross section.

The emitted light 1s then reflected on the magnetic tape 61
and will be received by the light detectors 183a—183d. If the
magnetic head 10, as viewed along the X-axis, 1s held 1n
proper facing relation to the magnetic tape 61, the amount of
light received by the light detector 183a 1s equal to the
amount of light received by the light detector 183b. If
otherwise, the amounts of light received by these two
detectors will be different. The difference 1n amount of the
received light will become greater, as the magnetic head 10
1s more inclined relative to the magnetic tape 61. Similarly,
if the magnetic head 10, as viewed along the Y-axis, 1s held
in non-parallel facing relation to the tape 61, the amounts of
light received by the light detectors 183c, 1834 will be
different accordingly.

Thus, the posture of the magnetic head 10 relative to the
magnetic tape 61 can be corrected based on the light
detection signals supplied from the light detectors

183a—-1834d.

In accordance with the above 1dea, there may be provided
a magnetic tape unit which includes a magnetic tape, a
magnetic head, an optical sensor and a posture determiner.
The optical sensor, mounted on the magnetic head, includes
a light source for illuminating the magnetic tape and a
plurality of light detectors for receiving light reflected on the
magnetic tape. The posture determiner determines, based on
detection signals supplied from the light detectors, whether
or not the magnetic head 1s held 1n parallel facing relation to
the magnetic tape.

Further, there may be provided a magnetic tape unit which
includes a magnetic tape, a magnetic head, an optical sensor,
a posture determiner and a posture adjustor. The optical
sensor, mounted on the magnetic head, mcludes a light
source for illuminating the magnetic tape and a plurality of
light detectors for receiving light reflected on the magnetic
tape. The posture determiner determines, based on detection
signals supplied from the light detectors, whether or not the
magnetic head 1s held 1 parallel facing relation to the
magnetic tape. The posture adjuster corrects the non-parallel
facing relation between the head and the tape, based on the
determination of the posture determiner. For performing this
correction, the posture adjuster may eliminate the inclination
of the magnetic head and/or guiding means for the magnetic
tape.
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Further, there may be provided a magnetic tape unit which
includes a magnetic tape, a magnetic head, an optical sensor
and a posture determiner. The magnetic tape 1s provided
with a plurality of tracks including a servo control track. The
magnetic head 1s arranged to simultaneously access a plu-
rality of tracks for data-writing and data-reading. The optical
sensor, mounted on the magnetic head, includes a light
source for 1lluminating the magnetic tape and a plurality of
light detectors for receiving light reflected on the magnetic
tape. The posture determiner determines, based on detection
signals supplied from the light detectors, whether or not the
magnetic head 1s held in parallel facing relation to the

magnetic tape.

Further, there may be provided a magnetic tape unit which
includes a magnetic tape, a magnetic head, an optical sensor,
a posture determiner and a posture adjuster. The magnetic
tape 1s provided with a plurality of tracks including a servo
control track. The magnetic head 1s arranged to simulta-
neously access a plurality of tracks for data-writing and
data-reading. The optical sensor, mounted on the magnetic
head, mcludes a light source for illuminating the magnetic
tape and a plurality of light detectors for receiving light
reflected on the magnetic tape. The posture determiner
determines, based on detection signals supplied from the
light detectors, whether or not the magnetic head 1s held in
parallel facing relation to the magnetic tape. The posture
adjustor corrects the non-parallel facing relation between the
head and the tape, based on the determination of the posture
determiner. For performing this correction, the posture
adjuster may eliminate the inclination of the magnetic head
and/or guiding means for the magnetic tape.

The present invention being thus described, 1t 1s obvious
that the same may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the present invention, and all such modifications as
would be obvious to those skilled 1n the art are intended to
be mncluded within the scope of the following claims.

What 1s claimed is:

1. A magnetic tape unit comprising:

a magnetic tape provided with a plurality of servo control
tracks and user data tracks accessible for allowing a
user to write data, the servo control tracks and the user
data tracks being provided on a same side of the tape,
the servo control tracks including at least first, second
and third servo control tracks, the third servo control
track being arranged between the first and the second
servo control tracks, each of the servo control tracks
being provided with identical pieces of data spaced
from each other 1n a longitudinal direction of the tape,
the pieces of data on the first servo control track being,
aligned with the pieces of data on the second servo
control track 1n a widthwise direction of the tape, the
pieces of data on the third servo control track being

olfset from the pieces of data on the first and the second
servo control tracks 1n the longitudinal direction of the
tape;

a magnetic head arranged to simultaneously access only a
smaller number of tracks than all the tracks on said
same side of the tape for data-writing and data-reading,
the magnetic head having a maximum access width
corresponding to a distance by which the first and the
second servo control tracks are spaced from each other
in the widthwise direction of the tape;

a relative position determiner for determining a relative
positional relation between the magnetic head and the
magnetic tape based on signals read out from the first
and the second servo control tracks; and




US 6,724,559 Bl

27

a position compensator for keeping the magnetic head and
the magnetic tape in proper positional relation by
adjusting the relative positional relation between the
head and the tape based on the determination of the
relative position determiner.

2. The magnetic tape unit according to claim 1, further
comprising a running condition determiner for determining
a running condition of the tape based on a signal read out
from the servo control track.

3. The magnetic tape unit according to claim 2, wherein
the running condition of the tape 1s a running position of the
tape relative to the magnetic head.

4. The magnetic tape unit according to claim 2, wherein
the running condition of the tape 1s a running speed of the
tape relative to the magnetic head.

5. The magnetic tape unit according to claam 1, further
comprising a facing relation determiner and a facing relation
compensator, wherein the facing relation determiner
determines, based on levels of signals read out from the first
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and the second servo control tracks, whether or not the
magnetic head 1s held 1n proper facing relation to the
magnetic tape, and wherein the facing relation compensator
adjusts the facing relation between the head and the tape
based on the determination of the facing relation determiner.

6. The magnetic tape unit according to claim 1, wherein
the magnetic tape comprises a servo control track provided
with non-magnetic portions spaced from each other in the
longitudinal direction of the tape for determining a running
condition of the magnetic tape.

7. The magnetic tape unit according to claim 6, wherein
the running condition of the tape 1s a running position of the
tape relative to the magnetic head.

8. The magnetic tape unit according to claim 6, wherein
the running condition of the tape 1s a running speed of the
tape relative to the magnetic head.
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